INTRODUCTION
Activities of metal ions in biology have led to the coordination of metals with therapeutic agents in an effort to increase their reactivity and potency, hence the development of metal-based drugs.
Positively charged metal ions, are privileged to be attracted towards and bind to negatively charged biomolecules to form metal complexes of these molecules. Li-june (2003) reported enhanced bleomycin, streptonigrin and bactracin compared to the original drug on coordination with metal ions.
Platinum group metals (PGM) on coordination with some pharmaceuticals have gained attention as anti cancer agents with enhanced efficacy and reduced toxicity (Timerbaev et al., 2006) . Silver, either in its ionic, salt or complex form has been in the limelight of research *Corresponding author. E-mail: idemudiaog@yahoo.com. Tel: +27835991551. Fax: +27865818503.
Abbreviations: FTIR, Fourier transform infrared; UV-Vis, ultraviolet visible spectroscopy; DMF, dimethylformamide. which has been attributed mostly to its antimicrobial properties with minimal human toxicity (Melaiye et al., 2004; Legler et al., 2001; Gottschaldt et al., 2006; Sambhy et al., 2006; Nomiya et al., 2000) . Biologically active silver compounds are capable of adversely altering bacterial cells by reacting with the thiol groups in protein synthesis, affecting the DNA and cell wall, as well as electron transportation interference (Russell and Hugo, 1994) .
Amino pyrimidine and pyrimidine compounds play significant roles of great importance on biological systems (Saha and Kar, 1977) . and trimethoprim [5-(3,4 ,5-trimethoxybenxyl)-2,4-diaminopyrimidine] are clinically used amino pyrimidine compounds which have applications as antimicrobial and antiprotozoal agents (Hitchings, 1971) . They are antifolate drugs (Zimmerman et al., 1987; Olliaro, 2001) that bind with great kinship to and inhibit the bacterial enzyme dihydrofolate reductase (DHFR) (Hitchings and Burchall 1965; Simo et al., 2000; Macreadie et al., 2000) . Trimethoprim has been an antimicrobial agent used as an antibiotic against β-lactam resistant strain pathogens (Frester et al., 1996) . Pyrimethamine is mostly administered in conjunction with other drugs while maintaining its desired delivery properties (Sirawaraporn and Yuthavong, 1986; Chulay et al., 1984) , for the treatment of resistant Plasmodium falciparum malaria strain in the form of a combinational therapeutic agent and in some cases in combating opportunistic infections in patients with AIDS (Tanaka et al., 2004) . As shown in Figure 1 , pyrimethamine can bind to metal ion through one of its amine nitrogen or via the nitrogen of the pyrimidine ring, while trimethoprim binds through any of the three methoxy oxygens in addition with the two amine groups and the pyrimidine nitrogen; however, it is rarely coordinated via the methoxy. Crystal structures of rhodium complexes of trimethoprim and pyrimethamine with coordination occurring via the pyrimidinic nitrogen have been reported (Zoroddu et al., 1987 2+ and Ni 2+ whereby the metal ion is coordinated to the monodentate ligand through the -NH 2 group based on infrared data have been synthesized and characterized (Seekhon et al., 1999) . Cu (II) complex of pyrimethamine with enhanced biological activity and reduced toxicity, generally less than the standard anti-malaria chloroquine, has being reported (Ajibade and Kolawole, 2008) . Bearing in mind therapeutic agents ability to produce desirable effect upon coordination with metals and in continuation of our ongoing search for alternative therapeutic agents (Idemudia and Ajibade, 2010) we present herein, the synthesis, characterization and antibacterial screening of Ag(I) complexes of pyrimethamine and trimethoprim. Evaluation of the antibacterial activity of the metal salts of silver was compared to the activities of the synthesized complexes.
MATERIALS AND METHODS

Materials
All reagents and solvents were procured as analytical grade and 
Synthesis of silver complexes
A previously reported procedure was employed in the synthesis of the silver complexes but with some modification (Idemudia and Ajibade, 2010) . To a 1 mmol (0.17 g) of AgNO3 or CH3COOAg in methanol slightly heated to dissolve completely, a solution of pyrimethamine (pyrm) (1 mmol, 0.25 g) in methanol was added in drops. After reflux for 2 h a solution of triphenylphosphine PPh3 (1 mmol 0.26 g) in methanol was added and reflux was continued for another 4 h. The resultant solution was evaporated under reduced pressure, filtered to collect the precipitate, washed with methanol, diethylether and finally dried over silica gel in a dessicator. The same procedure was carefully carried out using trimethoprim (tmp) (1 mmol, 0.29 g) and the substitution of triphenylphosphine with diphenylphosphinoethane (DPPE) in the case of Ag(tmp)(NO3) (DPPE), to obtain the silver trimethoprim complexes.
Antibacterial screening
Screening of metal complexes, the ligands, and the silver salts for their bioactivity was carried out using the zone of inhibition technique (agar well diffusion method) Furr, 1977, Chaudhary et al., 2003; Shahzadi et al., 2006) . Agar wells of 0.6 mm in diameter were bored in the solidified mixture of Mueller Hilton agar in agar plates that has been carefully prepared by standard procedures and having a suspension of a specific bacterial isolate with optical density (OD) of 0.1 minimum in it. Solution of complexes were prepared using DMF and distilled water in the ratio 1:10 respectively to minimize any effect that may be due to DMF. Prepared solutions of complexes, the free ligands, silver salts, as well as a mixture of DMF and distilled water in the right proportion were dispensed into these wells. The agar plates were carefully placed in the incubator to avoid spilling of the well content, within a temperature range of 37 to 39°C for 24 h and then observed for possible growth of bacterial.
Minimum inhibition concentration (MIC) determination
The MIC of the complexes was determined by the macro-broth dilution technique (Ibrahim et al., 1997; Akinpelu and Kolawole, 2004 ) with little modifications. 2 ml (1:10 of DMF and distilled water, respectively) of the prepared complexes were diluted in sterile distilled water to achieve a final concentration of 2.50, 1.25, 0.63, 0.31, 0.16, 0.08, 0.04 and 0.02 mg/ml. Prepared complexes of different concentration were introduced one after the other into pre sterilized molten nutrient agar. The mixture was poured in an agar plate and allowed to set. To the solidified nutrient agar mixture, the bacterial isolate with standardized inoculums was streaked on it. The test plates were incubated at 37°C for 24 h. The MIC was taken as the lowest concentration of the tested antibacterial agent that shows no visible bacterial growth (Nishizawa et al., 1988) .
Minimum bactericidal concentration (MBC) determination
After determination of the MIC, samples of organisms were taken from plates which were used for the MIC test that were with no visible growth and sub cultured onto a freshly prepared nutrient agar medium by streaking. These diluted cultures were then incubated at 35 to 37°C for 24 h. MBC was carried out with the method of (Olorundare et al., 1992) and was taken as the lowest concentration of the antibacterial agent at which all bacteria in the diluted culture are killed.
RESULTS AND DISCUSSION
Ag(I) complexes of pyrimethamine and trimethoprim were successfully synthesized from the reaction of the nitrate or acetate salt of silver with the appropriate ligands in methanol according to the reaction scheme below. (Kettle, 1975) . To ascertain the bonding of the ligands to the metal ion, a careful comparison of the infrared spectroscopy of ligands and complexes was done. Presented in Table 2 , are the relevant frequency bands assigned accordingly. A sharp frequency band at 1630 in pyrimethamine and 1635 in trimethoprim assigned to the pyrimidine nitrogen v(C=N) (Contini et al., 1997) shifted to 1620, 1619, 1607 and 1611 cm -1 in Ag(pyrm)(NO 3 ) (PPh 3 ), Ag(pyrm)(CH 3 COO)(PPh 3 ), Ag(tmp)(NO 3 )(DPPE) and Ag(tmp)(NO 3 )(PPh 3 ), respectively. The significant shifts to a lower frequency band suggest the coordination of the metal ion to the ligand through the pyrimidine nitrogen of the ligands. The symmetrical and asymmetrical stretching bands of the -NH 2 group in the higher frequency region (Nakamato, 1997) are displaced slightly to a higher frequency after coordination, which may be due to inter and intra molecular hydrogen bonding, an effect caused by the interactions of the metal with the ligand (Raso et al., 2000, Toyssie and Charette, 1963) . The presence of the acetate ion in Ag(pyrm) (CH 3 COO)(PPh 3 ) is observed as a medium frequency band at 1480 cm -1 which is absent in the free ligand (Simo et al., 2000) . Frequency vibrations due to Ag-P from DPPE and PPh 3 can be seen at the region of 600 cm -1 and below which are completely absent in the ligands. The band observed in the complexes in the region 542 to 502 cm −1 was attributed to v(Ag-N) (Liu et al., 2007) The electronic spectra of the synthesized silver complexes show intense absorptions in the UV-region, at around 270 to 275 nm which is a characteristics of a metal charge 4d to 4s transition at relatively high energies (Kunkely and Vogler, 2006) and assigned to charge transfer from π orbital of the donor ligand to the d orbitals of the metal, d→π* and interligand n→π* transitions (Naeimi and Moradian, 2009) . Moreover, the charge transfer transitions may interfere and prevent the observation of all the expected transitions in the spectra (West et al., 1993) . The electronic configurations of Ag(I) complexes are d 10 which confirms the absence of any (d−d) transitions and absence of visible region absorptions in their electronic spectra. The in vitro antibacterial activity of the silver complexes, the two ligands, and the corresponding silver salts against the selected bacteria S. aureus, S. faecalis, P. aeruginosa, and E. coli as zone of growth inhibition using the agar well diffusion technique is presented in Table 3 . The MIC and MBC of the active compounds was evaluated by the macro dilution method, and their values are presented in Tables 4 and 5 , respectively. Ag(I) complexes exhibited a broad spectrum antimicrobial activity as they are active against all selected bacterial isolates. They have also shown a stronger antibacterial activity than the free ligands as well as the metal salts. Ag(tmp)(NO 3 )(PPh 3 ) appears to be with the strongest antibacterial activity showing a highest zone of growth inhibition of 40 mm against S. aureus. Although this may seem so, the high zone of inhibition however do not reveal for certain, that Ag(tmp)(NO 3 )(PPh 3 ) is a stronger antibacterial agent, as this may be attributed, amidst many factors, to the diffusing strength (diffusability) of the antibacterial agent and also to the ratio of the amount of bacterial isolate present in a certain amount of agar solution (Rios et al., 1988) . However, the MIC values support the good activity of Ag(tmp)(NO 3 )(PPh 3 ). Trimethoprim showed activity against S. aureus and P. aeruginosa with 20 and 15 mm zones of inhibition respectively, while pyrimethamine did not exhibit any activity, which suggests that trimethoprim is more active than pyrimethamine. Furthermore, silver complexes of trimethoprim tend to have stronger antibacterial activities. The generally lower MIC values of the metal complexes as compared to their free ligands once again show the enhancement in their activity against the reported bacterial strain. Ag(tmp)(NO 3 )(PPh 3 ) lowest MIC and MBC value of 0.02 mg/ml against S. aureus again emphasizes the high level of activity.
Conclusion
Four mononuclear Ag(I) complexes of pyrimethamine and trimethoprim have been synthesized and charac-terized based on elemental analysis and spectroscopic analysis. The monodentate trimethoprim and pyri-methamine coordinates to the metal ion through the pyrimidine nitrogen. All silver complexes show stronger antibacterial activity than the free drugs, thus potential metal based bactericidal are identified.
